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1 Introduction 
The mating system and social organization of 
free-living mammals are known mainly for large, easi-
lyobserved species. Because field data are time-con-
suming and difficult to obtain, most information re-
garding small, secretive species has been obtained 
from laboratory observations. Further, the short life 
span of most small mammals necessitates continuous 
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monitoring of individuals. Consequently, the social or-
ganization and mating system of only a few species of 
small mammals are known. When considering all 
species of mammals, fewer than 5 % of those studied 
display a monogamous mating system (Kleiman, 
1977) . 
The most extensive field evidence for mating sys-
tem and social organization of a small mammal is that 
for the prairie vole Microtus ochrogaster (Carter and 
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Getz, 1993; Getz et al. , 1993; Getz and Carter, 
1996). Details of social organization and other aspects 
of social behavior (e. g. , philopatry, natal dispersal, 
costs, benefits, and evolution of communal nesting), 
and methods by which such data were obtained may 
be used as a model for studies other species. In this 
paper, we review the basic social organization and 
mating system of the prairie vole. We review the: (1) 
methods we used in our study of the social organiza-
tion and mating system of free-living populations of 
M. ochrogaster; (2) types of social groups displayed 
by M. ochrogaster; (3) formation of communal nest-
ing groups; (4) mating system of male-female pairs, 
single females, and communal groups; (5) conse-
quences, including costs and benefits, of communal 
nesting; (6) evolutionary consequences of male-fe-
male pair and communal nesting; and (7) recommen-
dations for future studies. 
2 Field procedures 
The primary study was conducted in two adja-
cent sites (1.0 - 1.4 ha) planted with alfalfa Med-
icago sativa in October 1980 and May 1987, respec-
tively (Getz et al. , 1993). Voles were trapped at a 
site until invading forbs and grasses began to crowd 
out the M. sativa. One year before trapping was ter-
minated at a site, M. sativa was planted at the other 
site so that plants would be fully developed when 
trapping commenced. There were 4 changes (5 total 
"sites") in M. sativa sites during the course of the 
study. The study sites are described in detail by Getz 
et a1. (1979,1987a). 
Prairie voles were monitored by live-trapping di-
rectly at nests of social groups (reproductive single fe-
males and nesting groups of two or more adults). We 
located nests by dusting voles with ultraviolet reflec-
tive powder (Lemen and Freeman, 1985) or by fitting 
the voles wi th radio collars (Hofmann et al. , 1984 ) 
and tracking them to their nests. Locations of nests 
of all social groups were continuously updated (Getz 
et a1. , 1993) . 
Four to five wooden multiple capture live-traps 
(6 .5 cm X 6. 5 cm X 20 cm; Burt, 1940) were 
placed around each surface nest and at burrows lead-
ing to underground nests. We baited traps with 
cracked corn and in summer covered them with vege-
tation or aluminum shields to shade them from the 
sun. We set traps at nests at 06: 30 h on Monday 
morning and checked them at 3 - 4 h intervals 
through 24: 00 h and again at 06: 30 and 09: 30 h on 
Tuesday morning. This schedule was repeated Thurs-
day morning through Friday morning. Once each 
month we set traps at stations in a 10-m grid pattern 
as part of a long-term study utilizing the same sites 
(Getz et a1. ,2001). Traps were set at 15: 00 h Tues-
day and checked at 20: 00 h, 08: 00 hand 15: 00 h 
through Friday afternoon. Midway through the 
monthly periods of grid trapping, all grid stations ;? 
15 m from known nests were trapped on the above 
schedule from 15: 00 h Wednesday through Friday af-
ternoon. The grid trapping allowed us to capture 
voles that were not members of a known social group 
or that were not visiting nests of known social 
groups. The capture records of all social groups for 
each trapping session were inspected to identify indi-
viduals that were obviously not a member of a known 
social group. The next time they were captured, these 
voles were dusted or fitted with a radio collar and 
traced to their nests. 
Because most of the nests were underground, we 
had no way of assigning offspring to individual fe-
males. We typically first captured young at 14 - 20 
days of age, as they first emerged from the nest. 
When only one female or one female and one male was 
present in the nest, we knew the parentage (related-
ness) of the offspring and adults. When more than 
one reproductive female and male resided in the nest, 
we could not determine parentage or relatedness of 
the offspring and adults. 
Voles were weighed and individually marked by 
toe-clipping at first capture. All procedures were ap-
proved by the University of Illinois Laboratory Ani-
mal Care Committee and meet the guidelines recom-
mended by the American Society of Mammalogists 
(1998 ). We recorded location, animal n um ber , sex, 
and reproductive condition at each capture. For 
males, testes were recorded as abdominal (non repro-
ductive) or scrotal (reproductive); females were 
recorded as vagina closed (non reproductive) or vagi-
na open, pregnant, or lactating (reproductive). Ani-
mals were grouped by age based on body mass: adult, 
;?30 g; subadult,20 - 29 g; juvenile,::(19 g. 
3 Social organization and mating sys-
tem 
3 . 1 Types of social groups 
Three types of social groups are found within 
free-living populations of M. ochrogaster: male-female 
pairs, single females (the majority of which are sur-
vivors of male-female pairs that have not formed a 
new pair) , and communal groups (social groups in-
cluding at least two adults of the same sex). Getz et 
a1. (1990a, 1993) and Getz and Carter (1996) con-
cluded that the fundamental social organization of M. 
ochrogaster consists of communal groups formed from 
an original male-female pair or single female breeding 
unit by addition of philopatric offspring and unrelated 
adults. Philopatric offspring comprise 70 % of addi-
tions to the original breeding unit (Getz et a1., 
1993). In addition, most (80 %) unrelated adults do 
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not Jom a family group until at least two philopatric 
offspring have reached adult age. Thus, formation of 
communal groups is based on a high level of philopa-
try. 
During spring-early autumn in east-central Illi-
nois, approximately one fourth of all groups are com-
munal. Over two thirds of the social groups are com-
munal during late autumn-winter. However, commu-
nal groups do not form simply in response to low tem-
peratures in winter (Getz et aI., 1993; Getz and 
McGuire, 1997). Communal groups are present dur-
ing summer-early autumn and become the most preva-
lent social group well before low temperature stresses 
occur in late autumn. Additionally, there is no season-
al variation in proportion of philopatric offspring that 
would account for prevalence of communal groups in 
late autumn-winter (Getz et al. , 1990a). Rather, 
high nestling mortality during spring-early autumn, 
presumably a result of snake predation (Getz et al. , 
1990b) ,results in few philopatric offspring surviving, 
and consequently prevents the formation of communal 
groups. When snakes hibernate and juvenile survival 
increases in late autumn, communal groups become 
the prevalent social group. 
The majority of male (70 %) and female (75 %) 
offspring remained at the natal nest until death 
(McGuire et al. , 1993). Those males and females 
that did disperse, left home at about the same age 
(45 - 55 d). Natal dispersal was more common (1) 
from small communal groups than from large commu-
nal groups, (2) following death of parents, (3) during 
the breeding period than during the non breeding pe-
riod, and (4) at low population densities than at high 
densities. Natal dispersal was not associated with lev-
el of competition for mates within natal groups and 
dispersers did not differ from non dispersers in body 
weight. The absence of sex differences in dispersal 
tendency or distance dispersed and our finding that 
more than half of dispersers had become reproductive 
before leaving the natal nest, lead us to suggest that 
inbreeding avoidance is not a primary function of dis-
persal in this species. Dispersal was, however, more 
common when potential mates within the natal group 
were relatives than when they were non relatives. 
Rather than settling into a nest, 40 % of male na-
tal dispersers continued to wander throughout the 
study area, while only 13 % of female dispersers wan-
dered (Getz et al. , 1994). Males and females that did 
not settle into a permanent nest, but moved about the 
study site were designated as "wanderers." We used 
this term, rather than "floaters" ,typically applied to 
unpaired birds within a population because, unlike 
floaters, wandering male and female M. ochrogaster 
usually were reproductive. Of those animals that set-
tled into a nest, females were more likely than males 
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to settle as single individuals. Same-sex siblings that 
dispersed commonly joined the same social group. Al-
though often settling wi thin 5 m of each other, oppo-
site-sex siblings that dispersed never joined the same 
social group or formed a male-female pair. Total 
length of life was longer for males and females that 
dispersed than for those that remained at the natal 
nest. Natal dispersers survived longer after dispersal 
if they settled > 30 m from the natal nest than if they 
settled < 30 m from the natal nest. Length of sur-
vival following dispersal was not correlated with age 
at time of dispersal. Fitness of female dispersers was 
2.5 times that of philopatric females, estimated by 
comparison of the percent of females becoming repro-
ductive, survival time after becoming reproductive, 
and the estimated number of female offspring per lit-
ter that survive to adult age (Getz et a1. ,1994) . 
Social groups of M. ochrogaster display territori-
al behavior, with little overlap in use of space by in-
habitants of adjacent groups (Hofmann et a1. , 1984; 
McGuire and Getz, 1998). In addition, resident males 
of pairs and communal groups display mate guarding 
that limits intrusion by unfamiliar males into the 
group territory (McGuire et a1. , 1990a, b). Labora-
tory data provide further evidence of severe aggressive 
interactions between resident and unfamiliar males 
(Getz and Carter, 1980; McGuire and Getz, 1991) . 
During the breeding period, approximately 45 % 
of the adult males in the population are not residents 
of established social groups. The percentage of wan-
dering males does not vary with population densi ty 
(Getz et a1. ,1993). Thus, the number of wandering 
males per unit area is greater at higher than lower 
population densities. Wandering males make frequent 
visits to the territory and nest area of resident groups 
(McGuire and Getz, 1998). At any given time during 
the breeding period, 24 % of the females also are not 
residents of a nest. Unlike the wandering males, 
which continue to wander within the population, 
these females soon settle into a nest (Getz et a1. , 
1993) . 
Most male visitors to the nest area of pairs and 
communal groups are unpaired wanderers, while those 
to the periphery of the territory generally are males 
from adjacent social units (McGuire et a1. , 1990a). 
Residents of adjacent social groups seldom are related. 
Those few animals that disperse from the natal nest 
typically settle an average of 42 m, approximately four 
home-range radii (10 m) ,from the natal nest (Getz et 
a1.,1994). Thus, few dispersers that subsequently 
settled into a nest would have contiguous territorial 
boundaries with their natal social group. 
3 . 2 Mating system 
3.2.1 Reproductive activation of females First es-
trus of female M. ochrogaster is induced by exposure 
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to a chemosignal in male urine acquired by direct na-
so-genital sniffing. The chemosignal is not air-trans-
mitted (Carter et al. , 1980; Dluzen et al. , 1981) . 
Because females rarely naso-genital sniff familiar 
males, whether genetically related or unrelated (Gav-
ish et al. , 1983; McGuire and Getz, 1991 ) , the acti-
vation chemosignal typically is obtained from unfamil-
iar males. If, after receiving the chemosignal, and liv-
ing apart from the family group, the female remains in 
the presence of a male (not necessarily the one which 
she naso-genital sniffed) , she comes into estrus within 
approximately 48 hours (Carter et al. , 1980). Fe-
males achieve post-partum estrus and typically mate 
within a few hours of giving birth (Witt et al. ,1990; 
McGuire, Pers Obs.) If females have not copulated 
within 48 hours, the female may go out of estrus 
(Hofmann and Getz, 1986) . 
3.2.2 Male-female pairs Male-female pairs of M. 
ochrogaster display traits characteristic of behavioral 
monogamy (Kleiman, 1977) , including sharing a nest 
and home range (Hofmann and Getz, 1986; Getz et 
al., 1993). Seventy-three percent of the pairs 
breakup as a result of death of one or both members; 
11 % of the males abandoned a female and in 2 % , the 
female left the male; the remainder of the break-ups 
involved both individuals dispersing separately from 
the nest (Getz et al. , 1990a). Only 19 % of male and 
female survivors acquire a new mate (Getz et al. , 
1993) . 
There is considerable laboratory evidence sup-
portive of behavioral or social monogamy in M. 
ochrogaster, including extensive paternal care of 
young (Thomas and Birney, 1979; Dewsbury, 1981; 
Getz et al. , 1981; Wilson, 1982; McGuire and No-
vak, 1984; Gruder-Adams and Getz, 1985; Carter et 
al. ,1986; Oliveras and Novak, 1986; Roberts et al. , 
1998). Paired males tend to avoid naso-geni tal sniff-
ing by virgin females, while unpaired males permit 
such sniffing (Getz and Carter, 1980). Fewer virgin 
females become reproductive in the presence of paired 
males than unpaired males (Lyons and Getz, 1993) . 
Paired females preferentially mate with the familiar 
cohabiting male during postpartum estrus (Getz et 
al. , 1981). However, given the opportunity, estrous 
females also will mate with other males even after 
having mated with the cohabiting male (Carter et 
al. ,1995; Wolff and Dunlap, 2002) ; we do not con-
sider absolute sexual exclusivity to be a necessary fea-
ture of social monogamy in prairie voles. 
Most male-female pairs that formed in spring 
consisted of survivors of communal groups (Getz et 
al. , 1993). Whether pairs formed from males and fe-
males from the same or different communal groups, 
the individuals were not family members. When new 
pairs formed during summer-autumn they typically 
consisted of unrelated individuals that had been wan-
dering throughout the study site. Thus, our field data 
indicate that prairie voles avoided pairing with family 
members. In contrast to previous laboratory studies 
( Webster et al., 1982; Williams et al., 1992; 
Solomon, 1993) , we found no evidence that free-living 
females based their choice of mate on body mass, or 
that females preferred sexually experienced to sexually 
inexperienced males in the field or under semi-natural 
laboratory conditions (Getz et al. ,2004). At any giv-
en time in our study population, the number of poten-
tial mates for males and females was limited. Thus, it 
seems likely that few individuals had the opportunity 
to compare simultaneously the characteristics of two 
or more potential mates. We suggest that pair forma-
tion in our study population was opportunistic, with 
individuals pairing with the first available mate. 
3.2.3 Single females Single female M. ochro-
gaster usually continue to produce litters throughout 
the breeding period. There was no difference in re-
productive success of females living alone or in pairs 
(Getz and McGuire, 1993). Although both unpaired 
wanderers and paired males from adjacent social 
groups are potential mates for single females , unpaired 
wanderers are the more frequent visitors to single fe-
male nests and thus appear most likely to sire off-
spring (McGuire and Getz, 1998). We do not know 
the prevalence of promiscuous mating by single fe-
males or the incidence of multiple paternity in our 
study population. We found no evidence of the same 
male visiting a single female nest at times coinciding 
with probable periods of post-partum estrus. 
3.2.4 Communal groups The mating system 
within free-living communal groups of M. ochro-
gaster is still unknown. Most adult males in commu-
nal groups are reprod ucti ve . Overall, communal 
groups typically contain only one reproductive female 
(McGuire et al. ,2002). At times, however, especial-
ly during the breeding season when population densi-
ties are high, several of the resident females may be 
reproductive. We do not know which male (s) mate 
with reproductive females. DNA fingerprinting of one 
communal group of four reproductive females and 
three reproductive males revealed one instance of mul-
tiple paternity within the four litters (Bozat, Pers. 
Comm. ). One of the males involved was not a resi-
dent of the group. Solomon et al. (2005) found evi-
dence of multiple paternity in 5 of 9 litters from free-
li ving females. They did not, however, know the type 
of social group from which the females came. 
Laboratory observations provide an indication of 
the possible mating system within communal groups, 
as it pertains to philopatric offspring. When living in 
a family group, a young female that receives a single 
exposure to the activation chemosignal does not 
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achieve estrus. Reproductive activation is suppressed 
by a chemosignal in the urine of other females, includ-
ing her mother and sisters (Getz et al. , 1983). The 
suppressing chemosignal most likely is acquired from 
walking on urine in the runways and ingested subse-
quently during bouts of self-grooming. Ferkin et al. 
(2001) documented increased self-grooming by fe-
male M. ochrogaster following exposure to male 
urine, as occurs during naso-genital sniffing. Under 
such condi tions, philopa tric females remain non repro-
ductive. However, the suppressing effect can be over-
ridden and the female can achieve estrus by multiple 
bouts of naso-genital sniffing with unfamiliar males 
over a short period of time (Hofmann and Getz, 
1988) . 
Mechanisms to discourage incest are pervasive, 
but not absolute. In laboratory cages, reproductive 
philopatric female M. ochrogaster preferentially mate 
with unfamiliar males, but will mate with familiar 
males, including family members if no unfamiliar male 
is present (Hofmann and Getz, 1988). Carter et al. 
(1986) found most of these matings in the laboratory 
were brief and probably infertile. McGuire and Getz 
( 1981) and Hofmann and Getz (1988), on the other 
hand, recorded fertile matings between family mem-
bers. In larger enclosures, reproductive females re-
pulsed mounting attempts by male siblings and fathers 
never were observed attempting to mount their 
daughters (McGuire and Getz, 1991). We presume 
that breeding among family members is rare in field 
populations because, if there are sufficient unfamiliar 
males entering the group territory to reproductively 
activate philopatric females, then unfamiliar males 
with which the female can mate also will be present. 
Mate guarding and territorial defense by resident 
males also influence the proportion of reproductive 
philopatric females within a communal group. During 
low density periods, there are few unfamiliar males 
wandering within the population from which young 
females can obtain the activation chemosignal. Unfa-
miliar males are readily expelled from the group terri-
tory by resident males. Encounters with unfamiliar 
males would be infrequent and reproductive activation 
normally suppressed. However, when population den-
sities are high and many wandering males are present 
in the population, mate guarding is less effective. The 
frequency of visits to nests and territories of social 
groups with resident males is more than 200 % 
greater at high than at low population densities 
(McGuire et al. , 1990a; McGuire and Getz, 1998) . 
Resident males apparently cannot exclude all intruders 
at high population densities. Sufficient unfamiliar 
males may enter the natal territories to allow at least 
some philopatric females of communal groups to be-
come reproductive. At low densities «30 adultslha) 
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17.1 % of the philopatric females were reproductive, 
while at high densities (~100Iha) ,77.4 % were re-
productive (Getz et al. ,1987b). 
Although unrelated adults did not join a group 
until at least two philopatric adult offspring were pre-
sent, there was no relationship between the presence 
of reproductively active philopatric offspring of the 
opposite sex and joining of unrelated adults. Most 
adults that joined a group were reproductive when 
they joined, but reproductive activation of philopatric 
offspring was not related to the joining of unrelated 
adults. During the breeding period at high densities, 
all communal groups included one or more reproduc-
tive adults of each sex; in at least 75 % of the groups, 
two or more adults of each sex were reproductive. 
4 Consequences of communal nesting 
McGuire et al. (2002) found that reproductive 
success (measured as number of young that survived 
to 12 or 30 days of age per adult female in the group) 
of M. ochrogaster was greatest when living in com-
munal groups of three adults. The optimal group 
composition appeared to be two adult males and one 
adult female. M. ochrogaster is considered a "singular 
breeder" in that typically only one female produces 
young within a social group (Solomon and Getz, 
1997). Reproductive success of females declined as 
the number of adult females in the communal group 
increased. We conclude lower reproductive success of 
females living in groups with more than one female 
may result from suppression of some female members 
through behavioral or chemical means (Hofmann and 
Getz, 1988; McGuire and Getz, 1991 ). Bamshad and 
Novak (1992) found that interactions between related 
female M. ochrogaster were aggressive in the pres-
ence of an adult male or young. Social stress within 
groups has been shown to influence fitness of group 
members in M. ochrogaster (Firestone et al. , 1991) 
and in some larger mammals (van Noordwijk and van 
Schaik, 1999). That some groups in our study popu-
lation had more than one reproductive female appears 
to support laboratory observations that frequent inter-
actions with nonresident males may override repro-
ductive suppression of young females (McGuire and 
Getz, 1991). Group size also influenced survival of 
young. Juveniles born into groups of three adults sur-
vived longer than did those born into groups of small-
er or larger size (McGuire et al. ,2002) . 
Higher reproductive success and survival of juve-
niles in groups with three adults in comparison with 
those with two adults may result from enhanced care 
and protection of young at the nest. Adult male M. 
ochrogaster provide substantial parental care (includ-
ing huddling, grooming, and retrieval of young) to 
their offspring (Oliveras and Novak, 1986) and ac-
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tively protect them against small predators, e. g. , 
shrews (Blarina brevicauda; Getz et al. , 1992). 
Survival of nestlings in a semi-natural environment 
with a resident B. brevicauda was greater in the 
presence of a male-female pair than when only a single 
female was at the nest, suggesting an antipredator ad-
vantage to M. ochrogaster of living in pairs. 
Nestlings were killed by B. brevicauda only when 
they were left unattended in the nest. Nestlings in 
single female nests were left alone when the female 
left to forage and this is when they were killed by B . 
brevicauda. Mother and father prairie voles typically 
coordinate visits to the natal nest and thus young are 
rarely left unattended (McGuire and Novak, 1984) . 
Nevertheless, there are some times during the 
preweaning period when both parents are absent from 
the nest; thus, presence of additional group members 
would be expected to reduce further time pups are left 
alone and susceptible to predation by B. brevicauda . 
Laboratory studies have shown that both parents 
and younger siblings benefit from presence of non re-
productive philopatric offspring (" helpers") at the 
natal nest (Solomon, 1991, 1993, 1994; Wang and 
Novak, 1992). Solomon (1991) conducted laboratory 
studies under conditions simulating temperatures en-
countered by voles in their underground nests in 
spring and late fall. She found that presence of older 
offspring resulted in greater weaning mass of younger 
pups and shorter inter litter intervals for parents. 
Body mass at weaning was positively correlated with 
post weaning survival and mates of larger males pro-
duced litters sooner than did those with smaller 
males. Most mothers with helpers at the natal nest 
spent more time foraging and less time in the nest 
than did females without helpers (Wang and Novak, 
1992). Because philopatric offspring share genes with 
their younger siblings, they may also accrue indirect 
benefits from remaining as non reproductive helpers at 
the nest. 
For some species of voles, the benefits of sharing 
a nest with other individuals include enhanced ther-
moregulation (e. g. , M. pennsylvanicus; Madison, 
1990; Madison and McShea, 1987; Madison et al. , 
1984) and the collection and sharing of winter food 
stores (Microtus xanthognathus; Wolff and Lidick-
er, 1981). Results of our study, however, indica te en-
ergy conservation is not a major reason for communal 
nesting in M. ochrogaster. Formation of communal 
groups was not associated with lower temperatures or 
snow cover. Reduction in group size through mortali-
ty did not precipitate dispersal of residents. Further, 
most dispersers that settled into a new nest in winter, 
joined groups which were smaller than the group they 
had left. Dispersal did not increase during periods of 
snow cover. Thus, although M. ochrogaster probably 
gain energetic benefits from group nesting in winter, 
such benefits are incidental and not the main reason 
for formation and maintenance of communal groups in 
this species (McGuire and Getz, 1995). Access to 
food caches also does not appear to be an important 
benefit of group living in M. ochrogaster; excavation 
of recently vacated nests and burrows at our study 
sites revealed only two of 30 burrows with food 
caches (Mankin and Getz, 1994) . 
Competition for food did not appear to be a cost 
of group living in prairie voles. There was no differ-
ence in size of communal groups from which adults 
dispersed and those from which there was no disper-
sal. Most adults did not exhibit declines in body mass 
prior to dispersal. Our data also suggest competition 
for mates was not a cost of group living. Half of the 
adults that dispersed from communal groups left 
groups that contained at least one potential mate; half 
left groups at which level of competition for mates 
was judged to be low as opposed to medium or high 
(McGuire and Getz ,1995). Nevertheless, reduced 
mating opportunity is a probable cost to being in fam-
ily groups. Because prairie voles typically do not 
breed with family members (Carter et al., 1986; 
McGuire and Getz, 1981; McGuire and Getz, 1991) , 
individuals living in communal groups in which all 
members are genetically related have little or no op-
portunity for mating within their group. About one-
third of all adult dispersers were from groups com-
posed entirely of family members. 
Another cost of living in communal groups is in-
creased conspicuousness to predators. Probability of 
an entire group disappearing, presumably to predation 
by weasels (Mustela nivalis in our study site) , was 
related to group size. The largest groups in the popu-
lation at a given time were the ones most likely to dis-
appear. Madison et al. (1984) reported that a group 
size of three individuals was ideal for meadow voles 
Microtus pennsylvanicus because individuals in larger 
groups appeared more susceptible to predation from 
species such as ermine Mustela erminea and fox 
Vulpes fulva. These authors noticed greater concen-
trations of feces, tunnels, tracks, and breathing holes 
in the snow at large groups and suggested that preda-
tors used these cues to locate nests of M. pennsylvan-
icus. Greater accumulation of clues (e. g. ,urine odor, 
feces, runways) at nests may explain why the largest 
groups of M. ochrogaster were the most likely to dis-
appear from our study site. In addition, increased pre-
dation losses in larger groups may explain reduced re-
productive success and greater juvenile mortality at 
groups with four or more adult residents. We have no 
information on the relationships between group size 
and either parasite infestation or disease in our study 
population. 
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Reproductive success of individuals is predicted 
to decrease linearly with increasing group size if so-
ciality evolved due to localization of critical resources 
( Koenig, 1995 ). We found, instead, curvilinear rela-
tionships between reproductive success and group 
size, indicating no support for localization of a critical 
resource as an explanation for evolution of group liv-
ing in M. ochrogaster. Neither did there appear to be 
localization of food or burrows at our study site 
(McGuire and Getz, 1995); alfalfa, the main food in 
our fields, was eve1lly dispersed and readily available 
over the elitire site ~;urther, our study sites had been 
plowed, disked, and harrowed in preparation for 
planting the alfalfa; substrate conditions with respect 
to suitability for excavating underground burrows 
were relatively uniform throughout the sites. We 
found no evidence of a clumped distribution of under-
ground nests at our study site. 
Underground burrows did not seem limited in 
their availability or to be particularly costly to con-
struct. Most groups excavated their own underground 
nests; 10 % of the nests occupied by a new social 
group were vacated nests. Further, the vast majority 
of offspring, whose parents disappeared from the natal 
nest, dispersed rather than continuing to use the fami-
ly burrow (McGuire et al. , 1993). These observa-
tions suggest to us that sociality in M. ochrogaster e-
volved via a route different from that suggested for 
some hystricognath rodents (Ebensberger and Cofre, 
2001), European rabbits (Oryctolagus cuniculus; 
Cowan, 1987) and pine voles (Microtus pinetorum; 
Powell and Fried, 1992) , small mammals in which 
suitable nesting or burrow sites may be localized, lim-
ited in their availability, and costly to construct. 
5 Evolutionary consequences 
Social behavior of M. ochrogaster, including 
monogamy, mate guarding, philopatry, communal 
nesting, and territoriality, is proposed to have evolved 
as an adaptation to habitats with low food resources 
typical in the original range of this species (Getz et 
al. ,2003). These behaviors are associated with low 
population densities characteristic of low food habi-
tats. In low food habitats, females are highly dis-
persed. Under such conditions, a male may increase 
his fitness by pairing with a female; this would en-
sure a suitable mate approximately every 21 days and 
prevent him from expending energy in a continuous 
search for females with which to mate. Once there 
has been selection for pairing, there would be selection 
on the part of the male for mate guarding and paternal 
behavior. These behaviors would increase the proba-
bility that the offspring at the nest were his and en-
hance survival and quality of his offspring. Because 
there would be few wandering males in a low density 
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population, mate guarding would be effective. 
In low food habitats there would also be selection 
for monogamous pairing by the female. Because there 
would be few males in a low food habitat, it would be 
advantageous for a female to form a pair to ensure a 
mate was present at the nest when she gave birth. 
Females remain in post partum estrus only 48 hours 
and if they do not mate within that period, will re-
quire 24 - 48 hours to become reproductively activat-
ed again when subsequently induced by a male. If she 
were not paired, a viable male may not visit the nest 
while she was in postpartum estrus. Because, on av-
erage, the life span of M. ochrogaster is very short, 
(approximately 60 days; Getz and McGuire, 1997), 
any delay would be maladaptive. 
Young voles leaving the natal nest in low food 
habitats would stand little chance of finding a mate 
and a home range with sufficient food for adequate re-
production. Mortality of dispersers would be high in 
low food habitats. Thus, there would be selection for 
offspring to remain at the natal nest. Mate guarding 
by the adult male would also prevent exposure of 
philopatric females to unfamiliar males, thus restrict-
ing reproduction to the female of the pair. 
Although presumed to have evolved in low food 
habitats, the basic social organization of M. ochro-
gaster remains the same when populations occupy 
habitats with high food (Getz et al. ,1981,1992a,b; 
Getz, 1997). We further propose that high food habi-
tats can support higher population densities, and thus 
more wandering males. Mate guarding and territorial 
defense by males would be less effective with in-
creased intrusion of wandering males into territories of 
communal groups, resulting in a higher proportion of 
reproductive females, and even higher population den-
sities. 
6 Future studies 
Field and laboratory data regarding the mating 
system and social organization of additional species are 
needed to understand more clearly factors involved in 
selection for specific social organizations and mating 
systems in small mammals. We need to know how 
prevalent are behavioral monogamy and communal 
nesting in arvicoline rodents as well as similarities and 
differences in the details of such behavior among 
species. We need to identify: ( 1) ultimate factors re-
sponsible for evolution of behavioral monogamy, in 
light of observations that both males and females of a 
pair may engage in extra-pair copulations; (2) ulti-
mate factors responsible for communal nesting; (3) 
proximate factors, including habitat quality and popu-
lation density, that may modify the basic social orga-
nization and mating system of a species. 
Specifically, studies are needed that provide in-
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formation regarding social organization and mating 
systems of arvicoline rodents, to include: ( 1) species, 
the original habitat of which is high in food availabili-
ty, as well as species whose original habitat is low in 
food; (2) populations of species in habitats that differ 
in food availability (higher or lower) and other habi-
tat factors from the original habitat of the species; 
(3) social organization and mating systems of popula-
tions of a species across geographic regions (to deter-
mine if similar geographically, or vary regionally, irre-
spective of the habitat in which populations occur) ; 
(4) species with different social organization and mat-
ing systems occupying the same habitats; (5) use of 
molecular techniques to determine paternity of off-
spring of single female and male-female breeding u-
nits, maternity and paternity of offspring from com-
munal nests, and relatedness of members of communal 
groups. The information available for the prairie vole 
may be used as a model for studies of other species. 
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